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ABSTRACT

In November, 1983, 93 sexually immature and 33 mature grass carp
(Ctenopharyngodon idella Val.) were surgically sterilized by clipping the
gonaduct or renoving a section of the ovaries or testes through a ventral
incision between the pelvic girdle and the vent.
from this procedure.

No rrortality occurred

After six rronths (May, 1984), 95.7% of the inmature

and 100% of the mature grass carp had at least sorre gonadal tissue
regeneration.

Fifty-nine percent of the immature fish regenerated a

pathway for the eggs or milt to enter the environrrent.
of the mature female grass carp was 66_. 7% successful.
resulted from the four females that ovulated.

Artificial spawning
Over 20, 000 fry

Due to the rapid

regeneration of functional reproductive tissues, and the extrusion of
viable eggs by surgically altered fish, surgical sterilization was
detennined to be impractical for producing sterile grass carp for weed
control.
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INIRODUCTION
Native or exotic plants rray, under certain conditions, create serious
problems in aquatic environrrents.

High densities of sul:rcErsed vegetation

rray restrict water flow in streams or canals and circulation in lakes.
Aquatic weeds rray be controlled by biological, mechanical or chemical
rrethods.

The control of sul:rcErsed vegetation by grass carp

(Ctenopharyngodon idella Val.) is probably the rrost cost efficient method
presently available for the reduction and possible elimination of rrany
aquatic plant populations (Michewicz et al., 1972; Beach, 1973).
Mechanical plant harvesters, for the rrost part, are expensive to operate
and inefficient at total weed control.
temporary reduction of plant biomass.

Herbicides usually result in a
The use of herbicides usually causes

the return of nutrients fran decaying vegetation to the water for later
vegetative growth.

Grass carp usually rerrove macrophytes at a slaver rate

than herbicides without a rapid influx of nutrients into the water

(Shireman and Smith, 1983).

They feed upon a wide variety of aquatic

plants whereas herbicides are usually rrore species specific.

Grass carp

rray be stocked according to the plant biomass to insure its elimination.
Grass carp are nonnally stocked when they are small (0.5 - 0.9 kg) because
this is when their feeding rate is highest (Osborne and Sassic, 1981).
properly stocked, grass carp can rraintain control of aquatic weeds in a
lake for a long period of tlire.

If
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The native range of the grass carp or white armrr extends from the Amur
River basin to Southern China (Fisher and Lyakhnovich, 1973).

The fish are

used as a food source and for weed control throughout rrost of Asia (Beach,
1973).

Since their introduction into the United States in 1963, their use

has produced controversy due to their potential to spawn in rivers and
streams.

Uncontrolled reproduction of grass carp in lotic systems may

result in overgrazing and elimination of desirable vegetation required by
other fish and wildlife (Michewicz et al., 1972; Beach, 1973).

Although

there is little evidence at the present to support this concern, many
states have banned or restricted the use of grass carp.

By 1976, 35 states

banned the irnp:::>rtation of grass carp (Shireman and Smith, 1983).

In 1979,

grass carp were available to the general public in only four states;
Arkansas, Mississippi, Alabama and Kansas (Lynch, 1979).

As of 1985, grass

carp are all<=Med in four additional states; Tennessee, North Carolina,
Missouri and Texas (Malone, 1985).

In Florida, grass carp are restricted

by permit to waters previously stocked with grass carp prior to 1980
(Callahan and Osborne, 1983) •
Grass carp are intermittent spawners with asynchronus develoµrent of
oocytes (Gorbach, 1972).

Their spawning occurs in fl<=Ming water with an

approximate velocity of 0.8 m s-l (Stanley et al., 1978).

Fry believed to

be from natural reproduction have been found in the Atchafalya and lc:Mer

Mississippi Rivers (Conner et al., 1980).

Adult grass carp have been found

along. the Mississippi River and its tributaries (Stanley et al., 1978).
Stanley et al. (1978) suggested that many rivers and canals in the United
States have environmental conditions suitable for grass carp repr oduction.

3

The chance of reproduction could be greatly reduced (eliminated) if a
method could be found to sterilize grass carp.
There are m3.IlY rrethods for the possible sterilization of grass carp.
One method of sterilization is the use of horm::mes and cherrosterilants.

In

sex reversal studies, methyltestosterone had no effect on grass carp
(Stanley, 1978).

Methyltestosterone did cause testes degeneration in

Tilapia aurea and Tilapia

macr~hir

resulting in non-viable spem (Stanley,

1978) • Adrenosterones cause degeneration of ovaries or testes in Tilapia
nilotica but do not affect grass carp gonads (Stanley, 1978).

Interference

of gonadal function by honrones or chemicals is temporary with nonnal
function recurring in the absence of continuous treatrrent (Stanley, 1978).
Chemical agents are not likely to be practical due to the high cost of
collecting the data required for registration.

Chemicals must be

registered with the U.S. Food and Drug Administration or the U.S.
Enviro:nrrental Protection Agency before they can be used in the enviro:nrrent
(Stanley, 1978).
Radiation is another rrethod of sterilizing fish.
. . .llT1p1ants o f ganma emitting
..
rad ioactive
coba1 t

60

Experiments with

. 137 have been us ed
or cesium

to sterilize Indian catfish (Heteropneustes fossilis) and camon carp
(Cyprinus carpio) (Stanley, 1978).

White crappie (Paroxis annularis) were

90
sterilized in water contaminated with beta emitting strontiurn nuclear
90
wastes. Experirrents with strontiurn isotope baths inhibited reprcxluction
in Atlantic salm:m (Salrro salar) and guppies (Poecilia reticulata)

(Stanley, 1978).

High doses of garrrna or x-ray radiation make fish rrore

susceptible to disease and cause chrcnosorre aberrations.

Radiation is not

an acceptable rreans of fish sterilization because of human health hazards.
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Isotope baths cannot be done in the environrrent and there is no guarantee
that fish with radioactive implants will not be eaten.

Radiation

sterilization of grass carp has not been attempted for these reasons.
Garrma, x-ray or ultraviolet radiation can be used to denature grass

carp spenn.

The denatured spenn are used to produce rronosex grass carp.

Although the pJssibility or reprcxluction is reduced with rronosex cultures
because they are females, they still leave sexually mature adults in the
environrrent (Stanley, 1978).
Sterile grass carp can be prcxluced through hybridization.

The hybrid

grass carp, a cross between a female grass carp and a ma.le bighead carp
(Hypophthalmichthys nobilis Rich., fonnally Aristichthys nobilis Rich.) was
developed in Europe in 1975 (Beaty et al., 1982).

This hybrid was produced

in the United States by Malone and Sons Enterprises, Lonoke, Arkansas in
1979.

The 1979 hybrid grass carp was assumed to be triploid (3N = 72) but

were actually diploid and had a low survival rate.

In an effort to

increase survivorship in the 1980-81 spawns by increasing the percentage of
triploids, the eggs were heat shocked (Callahan and Osborne, 1983).

~gs

were heat shocked approximately 4 min after fertilization at a temperature
of 38 - 40 C for 45 sec (Starling, 1981; Cassani, 1983).

The heat shock

procedure produced a greater percentage of triploid offspring in 1981
(Callahan and Osborne, 1983).

The triploid condition and hybridization was

assumed to create sterile individuals.

Both the diploid (2N = 48) and

triploid hybrid grass carp exhibited higher rrortality rates than the grass

carp and had substantially lower growth rates (Osborne, 1982).

Feeding

rates of the hybrids were lower than feeding rates of grass carp (Callahan
and Osborne, 1983).

Feeding habits of the hybrid grass carp limited their

5

ability to reduce plant biomass.

Hybrids fed primarily on the leaves and

grONing tips of aquatic vegetation.
(Osoorne, 1982).

Leaf feeding stimulated plant growth

Feeding on the primary growing tips also praroted

branching of the plant sterns (Beaty et al., 1982; Osrorne, 1982).

The

higher rrortality and lower feeding rates of the hybrid grass carp made them
ineffective as weed control agents.
A i;x:>ssible solution to providing sterile grass carp for weed control
is surgical sterilization.

Beaty et al. (1982) surgically altered grass

carp for feeding studies in California canals.

The fish were altered to

prevent reproduction if accidentally released.

Beaty presented a

derronstration of this technique in July, 1983 at Orlando, Florida.

Grass

carp were altered by renoving a i;x:>rtion of the gonad through a 5 cm

incision i;x:>sterior of the pelvic girdle.

At that ti.Ire, the regeneration of

grass carp reproductive organs after gonadectany had not been docuwented.
Reproductive organs regenerate after gonadectany in other fishes.
Liley (1969) and Yamarroto (1969) gonadectanized feIT1C1le anabantid (Betta
splendons) • These fish regenerated testes and acquired male sex
characteristics.

Testes in Kokanee salnon (Oncorhynchus nerka) regenerated

two years after castration (Robertson, 1961).

Regeneration occurred at the

caudal end of the reproductive organs adjoining the spermatic duct.

Aging

effects and death brought on by gonadal maturation occurred before testes
were fully regenerated.
after sterilization.

ovaries of Kokanee salrron regenerated 5 - 6 years

Testes regenerated fran a castrated fragrrent, if that

fragrrent was greater than 4% of the original testes in nosquitofish
(Garnbusia affinis) (Turner, 1941).

Dadzie and Hyder (1976) rei;x:>rted

canpensatory growth of reIT1C1ining i;x:>rtions of unilaterally gonadectanized
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ovaries in blue tilapia (Tilapia aurea).
size within five days after surgery.

Their ovaries increased 61% in

Although reproductive organs

regenerated in these studies, there was no indication of these fish
becaning capable of reproduction after gonadectany.

The regenerating

tissues would need to grow into a pathway to the environrrent in order for
these fish to reproduce.
The primary objective of this study was to determine whether grass
carp could be sterilzed by surgically rerroving a J?OSterior section of the
ovaries or testes.

The rerroval of this section would prevent rroveirent of

ganetes from the rernaining I?Ortion of the organs to the genital opening.
Grass carp may be considered sterile if garretes cannot be released fran the
l:x:x:iy.

A secondary objective of this study was to determine if rerroving a

section of the gonads was necessary for sterilization.

If cutting the

gonaduct near the genital opening, without rerroval of a section of the
gonads would produce the sarre result, the procedure could then be
sirrplif ied.

MEI'HODS AND MATERIAIS

My

initial surgical technique was developed in June, 1983, using

Florida largerrouth bass (Micropterus sa1noides floridanus).

The technique

was oriented around studies by Hart and Surmerfelt (1975), Nixon and Miller
(1978) and KecMn (1980).

These studies involved surgical techniques used

to implant radio transmitters.

A V-shaped trough was constructed for a 40

liter tank to hold the largerrouth bass in a ventral position with its head
and gills sul:rrersed.

Fish were anesthetized with quinaldine.

Largerrouth

bass were used to develop the surgical sterilization technique bacause of
their availability and low cost.
From the tests using largerrouth bass, it was found that clipping the
gonaduct or rerroving a section of ovaries or testes were the easiest
methods of sterilization.

Rerroval of the entire reproductive organ was

impossible when sterilizing grass carp because the gonads extended the
entire length of the lxxiy cavity.

Tying the gonads closed and heat

cauterization were not found to be successful rrethods of sterilization
because the gonadal membranes were

tCX)

fragile.

In July, 1983, Beaty presented a derronstration on the technique he
used in California for rerroving the posterior portion of gonads f ran grass
carp (Beaty et al., 1982).

OUr

procedure was mxlified by incorporating

information from Beaty' s derronstration.

This rrodified procedure was used

to surgically sterilize the grass carp in this study.
7
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One hundred sexually irmature (1 - 2 year) grass carp were obtained
fran Auburn University in October, 1983.

In November, 1983, 93 irmature

and 33 mature (4 year) grass carp were surgically sterilized.

The mature

grass carp were available at the University of Central Florida fran
previous studies.

Mature grass carp were surgically altered to detennine

if offspring could be produced fran 'sterilized' fish.

Immature fish were

surgically altered to detennine if the procedure would be successful for
the size of grass carp generally stocked for weed control.

Imrature grass

carp were weighed and rreasured prior to sterilization.

Grass carp were anesthetized under aeration with MS-222 (methane
tricainsulfonate) and 1 ppm quinaldine.
and kept rroist.

The fish were held in a PVC holder

The gills were irrigated with additional MS-222 as needed.

'!Wo or three ro.Ns of scales were renoved between the pelvic fins and the
vent along the rnidventral line.
and blunt-end scissors.

An

incision was made using a #10 scapel

The incision extended from the pelvic girdle to

the vent along the midventral line.

Testes or ovaries lay beneath the

intestine and adipose tissue, attached along the sides of the swim bladder
(Figure 1).

Undifferentiated gonads of the immature grass carp had to be

distinguished with magnification.

A section of each gonad was r6IDved

through the incision (Figure 2).
A variation of the procedure was used on eight mature grass carp.
gonaduct was cut near the genital opening without renoving a section.

The
This

was done to detennine if rerroving a section of each gonad was necessary to
produce sterilization.
After the gonaduct was cut or a section of the gonads wer e renoved,
nitrofurizone (0.2%) was added to the body cavity.

Incisions were closed

Figure 1.

Anatanical features of a mature female grass carp
(Ctenopharyngodon idella Val.). Approxina.te scale: 0.25:1.0 cm.

Figure 2.

Rerroval of a section of the reproductive organ (top) and the
incision area with sutures and bacterial infection (bottom).
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The surgically altered mature and irrrna.ture grass carp were examined
six rronths after surgery.
sutures counted.

Incision length was measured and the rerraining

Red coloration encircling the incision was interpreted as

bacterial infection.

The fish were dissected to detennine if the

reprcxiuctive organs had regenerated.

The presence of new structures or

tissues was interpreted as organ regeneration.

A blunt probe was used to

detennine if there was a reprcxiuctive pathway.

Gonad length was rreasured

prior to rerroval fran the body cavity.

Reprcxiuctive organs and associated

connective tissues were rerroved and weighed using an electronic Sartorius
balance.
Observations were expressed as means with a 95% standard error
calculated under at-distribution (Ott, 1984).

An analysis of variance of

the rrean gonadosomatic indexes was used to detennine if the two surgical
procedures (rerroving a section of gonad or clipping the gonaduct) were
statistically different (Ott, 1984) •

The gonadosomatic index is the ratio

of reprcxiuctive organ weight to body weight.

Canparisons between mature

and .immature grass carp were conducted under a t-distribution at a 95%
confidence level (Ott, 1984).

A Wilcoxon rank sum test was used for

canparisons when the sanple size was less than thirty (Ott, 1984).

RESULTS AND DISCUSSION
Gonadectomy through an incision p::>sterior to the pelvic girdle was the
rrost practical rrethod of surgical sterilization with the lowest p::>ssible
stress to the grass carp.
procedure out of water.

The fish were not stressed by performing the
The fish did not undergo rrortality from the

sterilization procedures used.

All surgically altered grass carp were

recovered from the p::>nds after six rronths.
All incisions were healed after six rronths.
lost as the incision healed (Figure 2) •

Sutures were loosened and

Eighty percent of the mature fish

retained at least one suture (Table 1) • Forty-five
grass carp had no sutures (Table 1).

rcent of the irrmature

Bacterial infections of the incision

was rrore likely to occur if sutures were present.

Mature male grass carp

had the highest percentage of incision infection (Table 1).

Bacterial

infection was located around the sutures and the incision area (Figure 2).
Infection by bacteria did not appear to effect the healing of the incision
or the health of the fish.
Irrmature grass carp had a rrean weight of 462.8 g and a rrean total
length of 32. 9 cm before surgery (Table 2) • Mean weight increased 367 .1 g
fish-l in six rronths with a rrean weight gain fish-l day-l of 2.0 g (Table
2).

callahan and Osborne (1983) rep::>rted that grass carp with a rrean

weight of 858 gm gained 20. 7 gm fish-l day-l in a p::>nd feeding trial.
Total length of the surgically altered irrmature grass carp increased an
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5.8 (0.9)

5.9 (0.5)

f ema.le

total mature

23.0
21.5

3.6 (0.2)

4.0 (0.2)

3.8 (0.1)

f erna.le

total .ircmature

18.8

48.5

33.3

61.1

% infection

male

Inmature

5.9 (0.6)

male

Mature

Mean incision
length (cm)

55.9

52.5

62.5

18.2

33.3

5.6

0

32.4

34.4

28.1

39.4

33.3

44.4

1

11.8

13.1

9.4

27.3

20.0

33.3

2

15.2

13.3

16.7

3

% of fish having O, 1, 2, 3 sutures rerna.ining

Table 1. Mean incision length, percent with infection of suture area and percent with sutures
rema.ining after six months for surgically altered grass carp (Ctenopharyngodon idella
Val. l . Standard error included within parentheses.

~

+-..

367.0 (56.5)

Mean gain fish-l

Mean gain fish

-1

-1
day
2.0 (0.1)

41. 7 (0. 7)

829.8 (47.3)

Six rronths after surgery

0.1 (0.0)

8.8 (1.1)

33.0 (0.8)

462.8 (31.3)

Before surgery

Irrmature (1 - 2 year) grass carp

Mean total length (an)

Mean weight and mean total length of imnature (1 - 2 year) grass carp · (Ctenopharyngodon
idella Val.) before and after surgical alteration. Standard error included in
parentheses.
Mean weight (g)

Table 2.

~

lJ1
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average of 8.8 cm fish-l with a rrean length gain fish-l day-l of 0.1 cm
over the six rronth period (Table 2) .
Mean standard length for ma.ture ma.le and female grass carp and rrean
weight were not significantly different (P

>

0.05).

grass carp ovaries was significantly higher (P
of grass carp testes (Table 3) •

<

The rrean weight of

0.05) than the rrean weight

The rrean gonadoscm:ltic index of female

grass carp was significantly higher (P

0.05) than the rrean gonadoscrnatic

<

index of ma.le grass carp (Table 4).
The gonadosanatic index, that fraction of the total body mass
contributed by gonadal tissues, was used as an indicator of regeneration to
detennine if rerroving a section of the gonad was different than cutting the
gonaduct.
procedures.

No significant difference (P

>

0.05) occurred between these

Surgically altered ma.ture grass carp had a rrean gonadosorratic

index of 0.064 (Table 4).

The rrean gonadosanatic index for mature grass

carp had previously been shown to be between 0.0004 (Hickling, 1967) and
0.04 (Slack, 1962).

Because ma.le and female gonadosanatic indexes are

different, varying sex ratios in a given sample could influence the rrean
gonadosomatic index.

The gonadosanatic index could also have changed

depending on the fitness of the grass carp and the ma.turity of their
reproductive organs which could account for the variation arrong the values.
Norrna.l grass carp reproductive organs are regularly lobed with a
defined intersection (Figure 3).

The ovaries of norrna.l grass carp fonn a

single duct prior to the vent (Figure 3).

ovaries are separate fran

intestine rrembranes and their entire length is vascularized.

ovaries are

separate until fanning the gonaduct beneath the vent (Figure 3).

51. 7 (3. 7)

53.5 (1.9)

female

total

34.5 (1.2)

36.2 (0.8)

35.6 (0. 7)

male

female

total

Irmature

55.0 (1.6)

Mean

standard
length (cm)

3,511.4 (1,357.5)

61.6 (2.1)

41.7 (0.8)

42.3 (0.9)

829.8 (47.3)

874.9 (59.5)

734.9 (74.3)

2,768.5 (535.6)

59.4 (4.1)

40 .5 (1. 4)

4,130.5 (2,530.1)

Mean weight (g)

63.5 (1.8)

Mean total
length (cm)

203.1 (104.1)

21.4 (2.1)

12.7 (0.7)

13.5 (0.9)

24.0 (8.6)

35.0 (12.6)

3.3 (1.1)

461.8 (266.9)

23.8 (6.4)

11.3 (0. 7)

59.3 (10.9)

Mean gonad
weight (g)

20.0 (1.5)

Mean gonad
length (cm)

Paraneters of surgically altered grass carp (Ctenopharyngodon idella Val.) six rronths
after surgery. Standard error including in parentheses.

male

Mature

Table 3.

""

t-.J

0.1702 (0.0953)
0.0212 (0.0126)
0.2078 (0.0933)
0.0640 (0.0320)

female with section of ovaries rerroved

male with gonaduct cut

female with gonaduct cut

total (male and fernale)

0.0342 (0.0119)
0.0238 (0.0082)

f ernale

total (male and female)

a ratio of reproductive organ weight (g) to body weight (g).

0.0043 (0.0013)

male

Imnature

0.0205 (0.0072)

Mean Gonadoscmatic Indexa

gonadoscmatic indexes of grass carp (Ctenopharyngodon idella Val.) six rronths after
surgical alteration. Standard error included within parentheses.

Mean

ma.le with section of testes rerroved

Mature

Table 4.

I-A

co

Figure 3.

Nonnal ovaries of a mature ferrale grass carp (top) and nonnal
testes of a male grass carp (bottan).
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Regenerated ovaries in the mature female grass carp incorporated bcxly
peritoneal tissues and intestinal support rresenteries (Figure 4).
Regenerated lobes were irregular and poorly vascularized (Figure 4).

F,ggs

were maintained in these regenerated lobes.

The eggs were mixed into the

intestinal rresenteries and adipose tissues.

ovaries were not separated

fran one another in the regenerated region (Figure 4).

The regenerated

portions of ovaries in fish surgically altered before m3.turity resembled
nonnal ovaries but with less egg mass (Figure 4).
contained advanced stages of eggs.

Not all of these ovaries

Sare of the ovaries (mature and

inmature females) had a rrembrane or adipose plug blocking the vent.
The six surgically altered mature female grass carp that were injected
with spawning honrones gained weight over the three day injection period
due to hydration of the ovaries.

ovarian hydration, the uptake of water by

tissues, is considered essential for ovulation (Clerrens and Grants, 1964;
Hickling, 1967; Brandt and Schoonbee, 1980).
successfully ovulated.

Four of the six females

Sorre eggs remained in the ovaries after ovulation.

Partial spawning is natural for grass carp because ovaries contain
different stages of oocytes (Rabelahatra, 1982).

Partial ovulation or

failure to ovulate may have been caused by excess hydration.

Excess

hydration causes tissues and blood clots to be released with the roe and
block the genital opening (Brant and Schoonbee, 1980).

Approxinately

20,000 to 30,000 grass carp fry resulted fran the four 'sterilized'
females.

Fry developed nonnally into adults.

Nornal grass carp testes are lobed and tapered to the vent (Figure 3).
Nonnal longitudinal ducts are filled with fluid and form a single duct near
the vent (Figure 3).

Regenerating testes developed a single terminal lobe

Figure 4.

Regenerated tissues of a surgically altered nature female grass
carp (top) and an irrmature female grass carp (bottom).
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on the testes where it had been transected (Figure 5).

Longitudinal ducts

f omed along the ventral surface of the swim bladder fran the tenninal
lobe.

Longitudinal ducts of mature grass carp expanded with fluid to

resemble the original testes (Figure 5).

Milt flCMed from the lx:x:ly when

the longitudinal duct was connected to the vent (Figure 5).

Surgically

altered mature male grass carp developed pearl organs on their pectoral
fins.

The forrna.tion of these organs in nonnal grass carp is controlled by

testicular homones (Yamarroto, 1969).

Therefore, the presence of pearl

organs indicated norma.l homone prcxluction by the regenerated testes.
All the mature grass carp and 95.7% of the irrmature grass carp had
sare gonadal tissue regeneration (Table 5).

Within six rronths, 86% of the

mature female grass carp regenerated a new reprcxluctive duct leading to the
environrrent.

This pathway was regenerated by 59.2% of the irrmature grass

carp (Table 5) •

Figure 5.

Regenerated tissues of a surgically altered nature wale grass
carp (top) and an irrnuature wale grass carp (oottcm).
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Table 5.

Percentage of grass carp (Ctenopharyngodon idel~a Val.) with
gonadal tissue regeneration and pathway to the enviro:nrrent.
% regeneration

% pathway to enviro:nrrent

male

100

44.4

female

100

86.7

total

100

63.6

Mature

Intnature
male

93.8

65.6

female

96.7

57.7

total

95.7

59.2

Slff1ARY

1.

The surgical sterilzation procedures used in this study were simple and
caused no rrortality.

Healthy grass carp were recovered fran the ponds

after six rronths.

2.

Sutures were lost fran the fish as the incision healed.

Forty-five

percent of the inmature grass carp had no sutures remaining after six
rronths.

Grass carp with sutures present were found to be rrore

susceptible to bacterial infections.

3.

No significant difference occurred between the two surgical procedures
used in this study.

Grass carp with a section of each gonad rerroved

regenerated gonadal tissue similar to grass carp when only the gonaduct
was cut.

4.

Regeneration of the ovaries incorporated intestinal rrembranes and body
peritoneal tissues.

Lobes of regenerated ovaries were irregular

canpared to nonnal ovaries.

5.

Testes regenerated tissue to fonn an irregular tenninal lobe.
Longitudinal ducts formed fran these terminal lobes along the swim
bladder rresenteries.
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6.

All mature grass carp and 95% of the :imnature grass carp had sane
gonadal tissue regenration.

Sixty-three percent of mature and 59% of

:imnature grass carp regenerated a reprod.uctive pathway after six
rronths.

7.

Four of six surgically altered mature grass carp females that were
injected with spawning horrrones successfully ovulated.

Between 20,000

and 30,000 fry resulted fran the four 'sterilized' grass carp.
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